Bilateral pelvic limb paresis developed in 7 of 15 10-month-old Blueface Leicester ram lambs on a mixed enterprise farm in the North of England. Clinical signs were principally mild to severe paresis of the pelvic limbs. Two mildly affected lambs recovered. Multifocal spinal cord white matter edema and necrosis, glial nodules, and mild to moderate nonsuppurative encephalomyelitis were the principal findings in 3 severely paretic lambs examined histologically. Protozoan bodies (12.7-23.0 µm) that stained immunocytochemically for Sarcocystis epitopes were in spinal cord glial cells of 2 of 3 lambs. Protozoa did not react immunocytochemically with anti-Toxoplasma gondii or Neospora canium antisera. Serology indicated there was recent exposure to Sarcocystis spp. in some surviving lambs. These cases resembled those in previous reports of paresis due to an unidentified Sarcocystis-like protozoan in sheep (ovine protozoan myeloencephalitis) in the British
Encephalitis and myelitis in postpartum sheep are and organisms are found in neural cells, not endotheassociated with 2 types of extraintestinal coccidia: ovine lium. The organism of OPM has not been cultured, Sarcocystis spp., for which sheep are the intermediate and its precise identity is in doubt. 11 It is unlikely to host (S. tenella [syn. S. ovicanis] and S. arietican-be S. tenelia, S. arieticanis, or T. gondii.6 Most reports is), 11, 25, 26, 35 and the Sarcocystis-like organism(s) found of OPM concentrate on the pathology of the disease. in ovine protozoan myeloencephalitis (OPM). 6, 13 Two This report describes an outbreak of paretic disease other protozoa, Neospora caninum and Toxoplasma gondii cause encephalitis in lambs infected in utero but in inrarely, if ever, cause neurologic disease fected postpartum. 9, 10, 13 sheep The 2 pathogenic ovine Sarcocystis species cause an acute clinical syndrome that has been well characterized in experimental studies. Clinical signs are largely attributable to anemia, fever, vasculopathy, and myositis. 11, 16, 29 There is rarely a major neurologic component. 15 Histologically, lesions in the central nervous system consist of widespread nonsuppurative encephalomyelitis and gliosis. 17, 40 Malacic change is not a prominent feature. First and second generation meronts are found in vascular endothelium. 8, 24, 38 By contrast, OPM is associated with predominantly neurologic signs, particularly paresis or paralysis of pelvic limbs. 6, [11] [12] [13] 24, 25 Histologic lesions in the central nervous system are similar to those of acute sarcocystosis except that malacic change is more pronounced associated with a Sarcocystis-like protozoan in a group of sheep in England. Because clinical, hematologic, and histologic features departed from those of acute sarcocystosis due to the 2 recognized pathogenic ovine Sarcocystis species for which the sheep is the normal intermediate host, 30 the poorly characterized OPM organism was probably involved.
Materials and methods
Case history. Illness was detected in a group of 15 10month-old Blueface Leicester ram lambs on a farm in the North of England ( Table 1 ). The farm was a mixed enterprise with a commercial sheep flock, a 60-cow suckler herd, and a small subflock of Blueface Leicester ewes. The 15 lambs comprised 8 that were home bred and 7 that were brought in in autumn 1986. At the end of mating in December, lambs were brought inside each night and bedded on straw in a barn. During the day, they had access to several fields. They were fed hay ad libitum and bagged sheep coarse mix concentrates. Clinical symptoms were restricted to home-bred lambs. According to the owner, in early January 1987 a lamb (lamb 1, Table 1 ) developed paresis of the pelvic limbs and after 14 days was disposed of to the local hunt kennels. Two more lambs developed similar signs and were submitted alive to Newcastle Veterinary Investigation Centre for necropsy after illness of 21 days (lamb 2) and 10 days (lamb 3) duration. In February and March 1987, 4 more lambs (lambs 4-7) developed similar clinical signs, and the most severely affected (lamb 4) was submitted alive to the Central Veter- inary Laboratory in Weybridge (CVL) for necropsy. Following a diagnosis of probable protozoan encephalomyelitis, the surviving 11 animals were put on a 4-wk course of amprolium hydrochloride and ethopabate (40 mg/kg amprolium and 1.6 mg/kg ethopabate per day). a Of 3 mildly affected lambs, 1 (lamb 5) died in March but was not available for necropsy and the other 2 improved by late June. No further cases occurred. The owner said that apart from shepherding there was no close contact between dogs and the lambs. Sheep dogs kept on the farm were never given raw meat. One cat on the farm had access to the feedstore. Large numbers of foxes were on the farm. Fox hounds occasionally crossed the farm with a local hunt.
Clinical examination and clinical pathology. Clinical examination was carried out on lambs 2-4 immediately before euthanasia. Hemograms and the activities of 2 serum enzymes (creatine phosphokinase [CPK] and aspartate aminotransferase [AST]) were determined on blood samples taken from lambs 2-4 before necropsy. Blood from the 12 surviving sheep was sampled in late February, and hemoglobin concentration and packed cell volumes were determined.
Serology. Serum samples were obtained from the remaining 12 sheep in late February and again 11 (lamb 4) or 29 (lambs 5-15) days later. Sera were examined for total anti-Sarcocystis immunoglobulins and for anti-Sarcocystis IgM using enzyme-linked immunosorbent assays (ELISA), 41 for ovine Eimeria spp. by an ELISA, 37 and for T. gondii by a latex agglutination test. b Sera from 12 clinically normal ewes in the CVL flock were used to establish reference titers in the anti-Sarcocystis ELISA.
Pathology. Three lambs were euthanized and examined postmortem when they had paresis of 21 (lamb 2), 10 (lamb 3), and 24 (lamb 4) days duration. Lambs 2 and 3 were euthanized with intravenous pentobarbitone sodium, and the following tissues were collected into phosphate-buffered neu-tral 10% formalin: brain, spinal cord, kidney, lung, liver, heart, sacral and brachial plexus, and Mm. semitendinosus and supraspinatus. Lamb 4 was anesthetized with pentobarbitone sodium and immediately perfused via the heart with 4% paraformaldehyde solution followed by 5% glutaraldehyde in 0.1 M phosphate buffer. The following perfused tissues were collected into glutaraldehyde: skin, tongue, esophagus, reticulum, rumen, omasum, abomasum, small intestine (6 levels), cecum, colon, rectum, pancreas, liver, kidney, bladder, testis, trachea, left apical and left caudal lung lobes, adrenal, thyroid, and pituitary glands, heart, 7 muscles (Mm. diaphragma, triceps brachii, biceps brachii, extensor carpi radialis, vastus intermedius, vastus medialis, and semitendinosus), 2 peripheral nerves (nervus radialis and second muscular ramus of ischiadicus), brain, and spinal cord. After fixation, tissues were dehydrated, embedded in paraffin wax, sectioned at 5 µm, and stained with hematoxylin and eosin (HE). Selected tissues were stained using the Jones' methenamine silver method for basement membrane (kidney), Lendrum's acid picro-Mallory method for fibrin (kidney), and a modified block impregnation Marchi method for degenerating myelin (spinal cord). 43 Formalin-fixed, paraffinembedded sections of spinal cord were stained with anti-Toxoplasma serum or anti-Sarcocystis serum using a peroxidase-antiperoxidase technique 25 or with anti-Neospora caninum serum c using an avidin-biotin technique. Appropriate positive controls were used (T. gondii cysts in murine brain; sarcocysts in ovine muscle; N. caninum tachyzoites in feline brain c ). For ultrastructural studies, 2 segments of spinal cord (T8 and L2) from lamb 4, which had numerous white foci, were diced to 2 mm 3 , postfixed in osmium tetroxide, dehydrated through an ethyl alcohol-propylene oxide series, and embedded in epoxy resin. Semithin (1 µm) sections were cut on an ultramicrotome and stained with toluidine blue. Ultrathin (70-90 nm) sections were contrasted with uranyl acetate and lead citrate and examined using a Philips 410 electron microscope.
Microbiology/biochemistry. Liver, kidney, midbrain, and small intestine of lambs 2 and 3 were plated out onto blood agar and MacConkey agar and incubated aerobically. 32 Samples of liver and small intestine were inoculated into selenite broth and after 24 hours of incubation were plated out onto brilliant green agar and deoxycholate citrate agar. 32 Samples of midbrain were inoculated into Listeria enrichment broth and then plated on Listeria selective agar. 32 Brain and serum samples were examined for evidence of louping ill virus. 32 Rectal feces were examined for nematode eggs and coccidial oocysts. 33 The number of Ostertagia spp. nematodes in the abomasum was determined. 33 Hepatic copper and vitamin B 12 levels were established. 33
Results
All 3 lambs were bright, alert, and in fair general bodily condition. Each was recumbent but when assisted could support itself on its forelimbs. Forelimb and hind limb deep pain reflexes were maintained bilaterally. Lamb 4 had reduced tactile placing reflexes in the left forelimb and diminished visual reflexes. Normal patellar, triceps, perineal, and panniculus reflexes could be elicited in this lamb. Each lamb had a normal appetite, temperature, pulse, and respiration rate. All but 1 of 14 lambs examined hematologically had a normal hematocrit (0.27-0.37 liter/liter) and hemoglobin concentration (9.4-12.6 g/dl). 14 The exception was lamb 5, which had mild paresis and mild anaemia (PCV = 0.25 liter/liter; Hb = 7.7 g/dl). Serum CPK and AST activities were normal.
Six of 12 lambs had a 4-fold or greater rise in anti-Sarcocystis titers ( Table 1) . Titers were high (< 1/ 327,680) compared with those of clinically normal ewes from the CVL flock (< 1/5,120). Anti-Sarcocystis IgM levels in 11 of the 12 lambs were comparable to those of the CVL ewes (1/320-1/1,280). The exception was lamb 4, which had paresis; it had an elevated IgM titer (1/10,200) in its first but not in its second blood sample. Only 1 lamb, which was clinically normal, had an anti-Toxoplasma titer of more than 1/32. Anti-Eimeria titers (1/320-1/5,120) were in the usual range for conventionally reared sheep of this age (R. Maybey, unpublished observations). Two lambs examined for louping ill virus were serologically negative. All 3 carcasses were thin with little body fat. Multiple discrete punctate white malacic areas up to 2 mm diameter were widespread throughout the spinal cord white matter of lamb 4. Areas of diminished tapetal reflectivity up to 3 mm diameter were in the retina of both eyes. In lamb 2, there were numerous minute (< 1 mm) yellow foci in renal cortices, moderate consolidation of both lungs, and multifocal mineralized white 5-mm hepatic nodules. Gross lesions were absent in lamb 3.
The principal finding in all 3 lambs was moderate or severe multifocal vacuolation (edema) in all spinal cord funiculi accompanied by gliosis and mild to moderate nonsuppurative myelitis (Fig. 1) . Large edematous foci progressed to white matter necrosis with axonal swelling and loss and karyorrhexis of glial cells. Glial nodules were numerous in spinal cord gray and white matter and a smaller number were scattered throughout the brain (Fig. 2) .
Globular protozoan bodies (schizonts) with an average diameter of 17.3 µm (12.7-23.0 µm, n = 10) were closely associated with spinal cord lesions in 2 of the 3 lambs. Protozoa were intracellular in cells with the morphology of glia and were absent elsewhere (Fig.  3a) . None occurred in blood vessels. Schizonts were sparse, with no more than 2 per cross section of spinal cord, with occasional schizonts in brain. They contained 18-3 3 punctate basophilic nuclei resembling merozoites, occasionally in a rosette arrangement with a central residual body (Fig. 3c ). Protozoa stained avidly following incubation with anti-Sarcocystis serum and were unstained following anti-Toxoplasma and anti-Neospora sera (Fig. 3a, 3b ). Occasional mature S. tenella-like sarcocysts were found in cerebral cortex (Fig. 3d ). The lamb with signs of longest duration (lamb 4) had no schizonts in brain or spinal cord. A few mature S. tenella-like sarcocysts were present in this lamb's cerebellum. All 3 lambs had moderate numbers of mature S. tenella and S. arieticanis sarcocysts in skeletal muscles and heart. Some cysts attracted a mild histiocytic reaction. In lamb 4, whose muscles were more comprehensively sampled than were those of the other 2 animals, cysts were most numerous in tongue, heart, and
M. masseter.
Generalized diffuse mesangiocapillary glomerulonephritis progressing to segmental or global glomerular sclerosis was present in lamb 2 (Fig. 4) . Glomerular capillaries were segmentally distended with erythrocytes. Eosinophilic droplets accumulated in hypertrophied visceral and parietal epithelial cells. Lymphocytes and histiocytes surrounded the thickened Bowman's capsule. There was no evidence of basement membrane thickening, fibrin deposition, or intravascular protozoa1 schizonts in glomeruli. Other changes were mild granulomatous hepatitis, corresponding to the mineralized nodules seen grossly, and chronic bronchopneumonia with peribronchiolar fibrosisbronchiolitis obliterans in lamb 2 and bilateral mild multifocal plasmacytic retinitis with gliosis in lamb 4 (Fig. 5) . Lamb 4 had a solitary first-generation schizont resembling Eimeria ovina in proximal ileum.
No protozoa were seen ultrastructurally. Vacuolation in the spinal cord involved myelin sheaths and periaxonal spaces. Axonal swelling, degeneration, and lysis was common and was accompanied by invasion of myelin sheaths by phagocytes (Fig. 6a ). Astrocytic processes were increased, particularly around vessels and in the subpial zone. Macrophages laden with lamellar phagosomes infiltrated areas of gliosis (Fig. 6b) . A modest number of plasmacytes, histiocytes, and macrophages were in spinal cord pericapillary spaces and in the leptomeninges. There was no evidence of vascular degeneration.
There were no significant microbiological or biochemical findings.
Discussion
The nature of the neuropathologic changes and the presence of schizonts in spinal cord and brain suggest paresis was the result of a protozoan infection. Schizonts are rarely seen as incidental findings in the brains of sheep in Great Britain. 24, 25, 44 The presence of schizonts in 2 of the 3 sheep examined histologically is unlikely to be coincidental, particularly because these schizonts were most commonly found in the spinal cord in or adjacent to lesions. The organism probably belonged to the genus Sarcocystis; it possessed Sarcocystis epitopes as detected by immunocytochemistry. There was also serologic evidence of recent exposure to, or reinfection with, Sarcocystis spp. Distinction between these two possibilities is difficult given the high prevalence of subclinical Sarcocystis infection in sheep in England. One lamb with paresis had high anti-Sarcocystis IgM levels, indicating recent infection with Sarcocystis SP. 41 A feature of the serologic findings was that brought-in lambs had high titers yet were free of disease, whereas the affected homebred lambs had either high static titers or, with 1 exception, had no more than a 2-fold rise in titer, which suggests that the brought-in lambs, unlike those which were home bred, had previous exposure to Sarcocystis. Prior exposure results in high serologic-titers and protection on subsequent infection with pathogenic doses of Sarcocystis oocysts. 17 This investigation indicates some of the difficulties in accurately characterizing outbreaks of Sarcocystislike protozoan infections of postnatal sheep using current diagnostic techniques. Only 2 of the 3 lambs examined at necropsy had schizonts in the central nervous system. In experimental sarcocystosis, it is not possible to demonstrate meronts in all sheep with lesions of encephalomyelitis. 39 If neuropathologic examination is delayed, as occurs in many field cases, and schizogony has run its course, it may not be possible to find schizonts in association with inflammatory or degenerative changes. Difficulties in visualizing the Neospora-like organism in tissues from aborted calves 36 and the S. neurona organism 40 in equine protozoa1 myelitis are well recognized. The significance of finding occasional mature S. tenella-like sarcocysts in the brains of all 3 lambs examined histologically is unclear.
We were unable to establish whether the organism belonged to 1 of the recognized ovine Sarcocystis species or instead was a nonovine Sarcocystis species for which the sheep is an aberrant host. Some features of the disease in the lambs were unusual. Schizonts were confined to glial cells predominantly in the spinal cord, whereas in experimental studies schizonts were widely distributed in or under endothelial cells of many tissues, particularly kidney in the case of S. tenella 23 and mesenteric lymph nodes, heart, and skeletal muscle for S. arieticanis. 22 Leukomyelomalacia was a significant histopathologic lesion in the 3 lambs, although this was not a feature described in experimental studies. Merozoites in schizonts were occasionally in rosette arrangements, which, although seen in some nonovine Sarcocystis infections, 42 have not been described for ovine Sarcocystis spp. Marked normocytic normochromic anemia, a consistent feature of sarcocystosis in sheep as in other species, 11,19,34 is a sensitive index of recent infection 7 and is a major reason for acute illness yet was absent in these animals. The number of immature and mature sarcocysts in skeletal muscle and heart was not particularly high. 24, 39 The farmer was confident that there was no close association between the lambs and dogs, unlike in published accounts of sarcocystosis in sheep 44 and cattle 4,5,20,21,31 where close contact with dogs was common. Because foxes were common on the farm and are an efficient final host for ovine Sarcocystis spp., 18 these could have been the source of infection.
Ovine protozoan myeloencephalitis is a poorly defined disease caused by 1 or more Sarcocystis-like agents. Cases have been reported in the USA, Scotland, Ireland, England, France, New Zealand, and Australia. 6 Characteristic features are neurologic presentation with paralysis of limbs, particularly hindlimbs; trembling, incoordination, or excitement; histopathologic lesions in the central nervous system preferentially involving spinal cord; and "cysts" up to 40 µm in diameter resembling Sarcocystis spp. meronts but in an anomalous extravascular location in neural cells. 6 All these features were present in the episode described here, suggesting it was due to the OPM organism. Immunocytochemically, the organism reacted positively with antisera to Sarcocystis and was negative when stained for T. gondii and N. caninum epitopes. Crossreactivities between protozoan antigens limits the precise immunocytochemical characterization of extraintestinal coccidia. 1 Unfortunately, the organism could not be visualized ultrastructurally; this technique is helpful in protozoan identification. In an ultrastruc-tural study of the OPM organism in an ataxic lamb, the organism was identified as Sarcocystis sp. 12 Because of differences between the OPM-like disease reported here and experimental sarcocystosis caused by ovinecanine Sarcocystis species, we speculate that a nonovine Sarcocystis species was involved. Most Sarcocystis species have 1 intermediate host species but some, such as S. falcatula 2 have a remarkably wide range of intermediate hosts encompassing diverse orders. OPM may be due to a Sarcocystis which has a wildlife final host and loose intermediate host specificity.
After diagnosis of probable sarcocystosis was made, control measures were recommended to prevent further losses. Surviving animals were placed on a course of the anticoccidial drug amprolium for 3 weeks, and dogs were kept away from the sheep barns. No cases subsequently developed, but this may have been fortuitous. Two compounds, amprolium and salinomytin, are effective in reducing both the severity of clinical signs and the number of deaths in experimental ovine sarcocystosis, provided treatment is instituted early in the disease course. 27, 28 If OPM becomes a significant problem in sheep, further information should be obtained on the source, cultural requirements, and identity of the organism and on compounds that are effective in animals with clinical signs. Trimethoprimsulfadiazine, pyrimethamine, or dimethymulfoxide are candidates for treatment because they are sometimes effective in cases of equine protozoa1 myelitis caused by Sarcocystis neurona, 3,7 an agent with many similarities to the OPM organism.
